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(54) SHIFT COMMAND CORRECTION METHOD AND SERVO CONTROL SYSTEM IN WHICH 
SHIFT COMMAND IS CORRECTED 



(57) An amount of difference between a com- 
manded position and an actual position resulting from 
reversing a direction of movement is found before 
machining and is stored in a memory of a positional dif- 
ference controller (9). Then, a move command Pc is 
monitored in the process of machining as to whether or 
not a sign of the move command is reversed, and the 
amount of difference is added to the move command to 
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correct a move command value when the reversion of 
the sign is detected. Then, position/speed/current con- 
trol (3) is performed on the basis of a difference 
between the corrected move command value and posi- 
tion feedback Pf from a servo motor (5), that is, a cor- 
rected positional deviation Er, and the servo motor (5) is 
driven. 
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Description 
TECHNICAL FIELD 

[0001] This invention relates to correction of move s 
command for reducing the difference between a com- 
manded position and an actual position occurring when 
reversing the move command in a servo control system 
to control a machine tool. More particularly, the present 
invention relates to a move command correction suita- io 
ble for repetitive machining in the same condition. 

BACKGROUND ART 

[0002] In case of repetitive machining in the same 15 
condition, learning control (repetitive control) effective in 
realizing highly-accurate machining by making use of 
repetition of a machining command has been heretofore 
known, as disclosed in Japanese Patent Publications 
such as Japanese Patent Laid-open Nos. Hei 4-323705 20 
and Hei 6-309021 , for instance. 
[0003] Fig. 2 shows a servo control system in a semi- 
closed loop mode which performs the learning control. 
This servo control system finds a positional deviation by 
subtracting an amount of positional feedback Pf, output- 25 
ted from a position/speed detector 6 mounted on a 
servo motor 5, from a move command Pc, issued from 
a numerical control device 1 , adds an amount of correc- 
tion found by a learning controller 2 to the positional 
deviation and delivers the sum into a posi- 30 
tion/speed/current controller 3. 

[0004] The position/speed/current controller 3 finds a 
speed command by multiplying the sum of the positional 
deviation and the amount of correction by a positional 
gain, finds a speed deviation by subtracting a speed 35 
feedback value, detected and fed back by the posi- 
tion/speed detector 6, from the speed command, finds a 
torque command (a current command) through propor- 
tional integral control or the like, further performs cur- 
rent feedback control on the basis of current fed back 40 
from a current detector provided in a servo amplifier 4, 
and applies current to the servo motor 5 through the 
servo amplifier 4 composed of a transistor inverter or 
the like to drive the servo motor 5. 

[0005] The servo motor 5 converts a revolving motion 45 
into a linear motion with a ball screw/nut mechanism 7 
to drive a table mounted with a work or a tool. Fig. 2 
shows an instance of driving a tool 8 with the ball 
screw/nut mechanism 7. 

[0006] The learning controller 2 is composed of a so 
delay element memory stored with data for one cycle 
portion (i.e., for n-sampling cycle portion) of the move 
command Pc, issued repeatedly in a predetermined 
cycle according to the same pattern, and a dynamic 
characteristic compensation element. Then, the data ss 
resulting from adding the data stored in the delay ele- 
ment memory, i.e., data precedent to a current cycle by 
one cycle to the positional deviation, is stored in the 



delay element memory after undergoing filter process- 
ing. Further, the data precedent to the current cycle by 
one cycle is outputted as an amount of correction from 
the learning controller 2 through the delay element 
memory after having been compensated for a phase 
delay of a control object and a reduction in gain by the 
dynamic characteristic compensation element. This 
amount of correction is added to the positional deviation 
to correct the positional deviation, and the corrected 
positional deviation is transferred to a speed control 
loop. 

[0007] In case of applying the learning control to the 
servo control system in the semi-closed loop mode as 
described above, a rotation position of the servo motor 
5 is corrected through the learning control so as to track 
more accurately the move command Pc issued from the 
numerical control device 1 . so that servo motor 5 can be 
driven accurately according to the move position. 
[0008] However, backlash occurs in the ball screw/nut 
mechanism 7, and so when a sign of the move com- 
mand is reversed, that is, the revolving direction of the 
servo motor 5 is reversed, the table or the tool 8 which 
moves linearly by the ball screw/nut mechanism 7 stops 
an amount corresponding to a backlash so that it does 
not follow up the move command Pc. A follow-up delay 
caused by backlash cannot be compensated by the 
learning control. 

[0009] Such backlash has been heretofore corrected 
according to a method, wherein the numerical control 
device 1 checks, in case of issuing the move command 
Pc to the servo control system according to a machining 
program or in response to a feed signal, whether or not 
a direction of movement is reversed, and issues a pre- 
determined amount of backlash correction 10 together 
with the move command Pc when the direction of move- 
ment is reversed, and the servo control system adds the 
amount of backlash correction to the move command 
Pc to eliminate the follow-up delay. The amount of back- 
lash correction is determined according to the ball 
screw/nut mechanism 7 or the like of the corresponding 
axis, and the amount of backlash correction will not be 
varied in general. 

[0010] When a servo control system is in a full-closed 
loop mode which performs positional feedback of the 
table or the tool 8 driven by the servo motor 5 by directly 
detecting the position of the table or the tool 8 with a 
position detector 1 1 as shown in Fig. 3, and is addition- 
ally equipped with the learning controller 2, the position 
of the table or the tool 8 can directly be controlled by 
feedback without being affected by backlash of the ball 
screw/nut mechanism 7, thereby providing a control 
system which follows up a commanded position accu- 
rately. Incidentally, reference numeral 12 in Fig. 3 
denotes a speed detector to detect a revolving speed of 
the servo motor 5. 

[0011] In the servo control system in the semi-closed 
loop shown in Fig. 2, in case where machining is per- 
formed at low speed, that is, the servo motor 5 is 
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revolved at a low speed, the follow-up delay can be cor- 
rected by correcting backlash with the amount of back- 
lash correction, resulting in highly-accurate machining. 
On the other hand, in case where a machining speed is 
increased to perform machining at high speed, this 
servo control system is affected by distortion or the like 
of the ball screw under the action of inertia when the 
turning direction of the ball screw is changed, resulting 
in an increase in difference between the commanded 
position and the actual position. This positional differ- 
ence varies depending on machining conditions such as 
machining speed and hence cannot be corrected by any 
conventional correction method in which only the prede- 
termined amount of backlash correction set for every 
machine is added to the positional deviation, so that, it 
is not possible to adequately improve machining accu- 
racy. 

[001 2] In the case of machining such as that of a hol- 
low work, the work is sometimes deflected due to the 
effect of cutting pressure applied from the tool in the 
process of machining. That is, the work, as it is hollow, 
may deflect when receiving the cutting pressure from 
the tool toward the center of the work. Besides, the cut- 
ting pressure varies depending on an advance direction 
of a cutting edge of the tool (depending on whether the 
tool is moved to thrust into the work or to escape from 
the work), and accordingly, the amount of pressure and 
the amount of deflection also vary. However, a machin- 
ing error caused by deflection of the work as described 
above cannot be corrected with the conventional back- 
lash correction by fixed amount or the like, resulting in 
degradation of machining accuracy. 
[001 3] In case of using the servo control system in the 
full-closed loop mode as shown in Fig. 3, the position of 
the tool or the table (the work) is detected directly, and 
so the influence of the backlash or the like of the ball 
screw can be eliminated, resulting in an improvement of 
machining accuracy. However, when the work may 
deflect due to the effect of cutting pressure like a case of 
machining of the hollow work, the machining accuracy 
cannot be improved even with the use of this control 
system. 

[0014] Thus, when making an attempt to perform 
backlash correction inclusive of the amount of work 
deflection, the deflection of the work has to be corrected 
by finding the amount of correction for every machining 
shape since the amount of deflection varies depending 
on the machining shape. 

[001 5] For instance, in the case where the same work 
(a hollow work) is machined to have a machining shape 
1 and a machining shape 2, the amount of backlash cor- 
rection has to be changed for every machining shape in 
order to reduce a shape error with the amount of back- 
lash correction inclusive of the amount of correction for 
deflection of the work by using the backlash correction 
method of the prior art. If correction is performed on 
condition that the amount of backlash correction is 
changed for every machining shape, it is necessary to 



change the amount of correction to a new correction 
value after the direction of movement has been adjusted 
so that the total sum of the amounts of correction per- 
formed up to that point always comes to "0". If the 

5 amount of correction is changed on condition that the 
total sum of the amounts of correction is not "0", the 
commanded position differs from the actual position by 
a difference between the amount of correction before 
being changed and the amount of correction after hav- 

io ing been changed. 

[001 6] Fig. 10 shows a procedure for creating a pro- 
gram in which backlash correction is performed with the 
amount of backlash correction inclusive of the amount 
of deflection of the work by using the backlash correc- 

15 tion method of the prior art. 

[0017] First as for the machining shapes 1 and 2, 
amounts of difference HI and H2 between the com- 
manded positions and the shape positions of the work 
resulting from reversing the direction of movement are 

20 measured in advance. Then, a program for the move- 
ment to the position of the machining shape 1 is created 
(Program Step PS1). Subsequently, adjustment of the 
direction of movement is programmed so that the total 
sum of the amounts of correction by the amount of 

25 backlash correction HO (this amount of backlash correc- 
tion HO corresponds to backlash and means a normal 
amount of backlash correction not including deflection 
or the like of the work) comes to "0" (Program Step 
PS2). In this method, to adjust the direction of move- 

30 ment, a positive amount of correction is added to the 
move command when the direction of movement is 
reversed from the negative direction to the positive 
direction or a negative amount of correction is added to 
the move command when the direction of movement is 

35 reversed from the positive direction to the negative 
direction, and thus the total sum of the amounts of cor- 
rection does not become "0 n unless the direction of 
movement is reversed even number of times. Thus, the 
adjustment of the direction of movement is programmed 

40 so that the direction of final movement is adjusted 
before a change of the amount of correction so as to 
achieve correction of even- numbered times. 
[0018] Then, an amount of correction H1 for the 
machining shape 1 is programmed as an amount of 

45 backlash correction, and a machining program to 
machine the work into the machining shape 1 is created 
(Program Steps PS3 and PS4). Subsequently, move- 
ment to the position of the machining shape 2 is pro- 
grammed (Program Step PS5), adjustment of the 

so direction of movement is programmed similarly to the 
Program Step PS2 so that the total sum of the amounts 
of backlash correction from the start of machining the 
work into the machining shape 1 to this point becomes 
"0", and a program for setting the amount of backlash 

55 correction 2 for the machining shape 2 is then created 
(Program Steps PS6 and PS7). 

[0019] Then, a machining program to machine the 
work into the machining shape 2 is treated, adjustment 
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of the direction of movement is then programmed so 
that the amount of backlash correction becomes M 0 H , the 
amount of backlash correction is returned to a normal 
value HO, and movement to the initial position is pro- 
grammed (Program Steps PS8 to PS11). s 
[0020] As described above, in case of correcting the 
amount of correction effective in correcting also the 
amount of work deflection which varies depending on 
the machining shape by using the backlash correction 
method of the prior art, it is necessary to prepare an 10 
adjustment program which causes the total amounts of 
correction up to this point to be "0" before changing the 
amount of correction, with the result that there is a dis- 
advantage of complicating creation of the machining 
program. 75 

DISCLOSURE OF THE INVENTION 

[0021] It is an object of the present invention to pro- 
vide a move command correction method for correcting 20 
a move command (i.e., correction of a positional devia- 
tion) by adding an amount of positional difference result- 
ing from reversing of the move command in a servo 
control system to the move command, as well as to pro- 
vide a servo control system capable of correcting such 25 
a move command. 

[0022] Another object of the present invention is to 
provide a move command correction method and a 
servo control system capable of correcting in a simple 
way a machining shape error caused by work deflection 30 
varying depending on the machining shape. 
[0023] A further object of the present invention is to 
provide a move command correction method and a 
servo control system for positional correction which can 
be made in consideration of backlash and distortion of a 35 
ball screw or the like and deflection of a work. 
[0024] According to move command correction of the 
present invention, an amount of difference between a 
commanded position and an actual position resulting 
from reversing of the direction of movement is found 40 
prior to machining whether or not a sign of the move 
command is reversed in the process of machining 
according to a machining program is monitored; and the 
amount of difference is added to the move command to 
correct a move command value when reversion of the 45 
sign of the move command is detected. Then, the 
machining is performed on the basis of the corrected 
move command value. 

[0025] According to the present invention, since the 
deflection of a work due to the reaction force of cutting so 
is corrected in machining, it is possible to improve 
machining accuracy even for a work which is liable to be 
deflected by the action of cutting reaction force. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Fig. 1 is a functional block diagram showing a servo 
control system in one embodiment according to the 
present invention; 

Fig. 2 is a functional block diagram showing a servo 
control system in a semi-closed loop mode which 
performs also learning control heretofore in use; 
Fig. 3 is a functional block diagram showing a servo 
control system in a full-closed loop mode which per- 
forms also learning control heretofore in use; 
Fig. 4 is a block diagram showing a servo motor 
control system in one embodiment of the present 
invention; 

Fig. 5 is a flow chart showing the processing to cor- 
rect a positional difference in one embodiment 
according to the present invention; 
Rg. 6 is a flow chart showing the processing to cal- 
culate a correction pattern in the embodiment; 
Figs. 7 to 9 show a commanded position and a 
motor position before a positional difference is cor- 
rected in machining of a piston ring, respectively; 
Fig. 10 is a flow chart showing the procedure of cre- 
ating a machining program to correct a positional 
difference by a backlash correction method of a 
prior art when the positional difference varies 
depending on a machining shape; and 
Fig. 1 1 is a flow chart showing the procedure of cre- 
ating a machining program to correct a positional 
difference by a method of the present invention 
when the positional deviation varies depending on 
a machining shape. 

MODE FOR CARRYING OUT THE INVENTION 

[0027] First of all, an outline of a servo control system 
according to one embodiment of the present invention 
will be described with reference to a functional block 
diagram of Fig. 1 . 

[0028] As is apparent by comparison with the servo 
control system in the semi-closed loop mode having the 
learning controller 2 of the prior art shown in Rg. 2, the 
features of a servo control system shown in Fig. 1 are to 
have a positional difference correcting controller 9 and 
to leave out correction of the amount of backlash correc- 
tion 10. 

[0029] When a move command Pc is issued from a 
numerical control device 1, a positional deviation is 
determined by subtracting an amount of positional feed- 
back Pf from a position/speed detector 6 mounted on a 
servo motor 5 from the move command Pc. On the 
other hand, the positional difference correcting control- 
ler 9 fetches a first amount of correction from a memory 
of the positional difference correcting controller 9 and 
outputs the same when a sign of the move command Pc 
issued from the numerical control device 1 is reversed. 
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The first amount of correction outputted from the posi- 
tional difference correcting controller is added to the 
positional deviation. Further, the learning controller 2 
performs learning control to output a second amount of 
correction. This second amount of correction is also 
added to the positional deviation to correct the posi- 
tional deviation. The positional deviation corrected with 
the first and second amounts of correction in this man- 
ner are inputted into a position/speed/current control cir- 
cuit 3. Incidentally, correction of the positional deviation 
with the amount of correction is equivalent to correction 
of a position command with the same amount of correc- 
tion as the above amount of correction. 
[0030] The position/speed/current control circuit 3 
finds a speed command on the basis of the (corrected) 
positional deviation, then finds a torque (current) com- 
mand through speed loop control performed on the 
basis of the speed command and an amount of speed 
feedback from the position/speed detector 6, controls 
driving of a servo motor 5 by controlling a servo ampli- 
fier 4 through current loop processing performed on the 
basis of the torque (current) command and a feedback 
value of drive current detected by a current detector (not 
shown) provided in the servo amplifier 4, and controls 
driving of a table or a tool 8. 

[0031] A description will now be given of a function of 
the positional difference correcting controller 9 shown in 
Fig. 1 as one of the features of the present invention. 
[0032] The positional difference correcting controller 9 
monitors the move command Pc issued from the numer- 
ical control device 1 and outputs the first amount of cor- 
rection, predetermined for every machining shape, 
according to a predetermined pattern, when a sign of 
the move command Pc is reversed, that is, a direction of 
movement of the servo motor (the table or cutting tool) 
as a command from the numerical control device 1 is 
reversed. The first amount of correction outputted from 
the positional difference correcting controller is added to 
the positional deviation to correct the positional devia- 
tion. Then, the corrected positional deviation is inputted 
into the position/speed/current controller 3, and further 
into the learning controller 2. 

[0033] As described above, the first amount of correc- 
tion as the output from the positional difference correct- 
ing controller 9 is added to the positional deviation. If the 
output (the first amount of correction) from the positional 
difference correcting controller 9 includes an amount of 
backlash correction, the amount of backlash correction 
is added to the positional deviation as a matter of 
course. However, adding the amount of backlash cor- 
rection to the positional deviation and inputting the sum 
to the position/speed/ current controller 3 is equivalent 
to adding the amount of backlash correction to the posi- 
tion command and inputting the sum to the posi- 
tion/speed/ current controller 3 (prior art). That is, when 
the output (the first amount of correction) from the posi- 
tional difference correcting controller 9 includes the 
amount of backlash correction, backlash correction of 



the prior art can be effected by the positional difference 
correcting controller 9. 

[0034] Further, the correction by the positional differ- 
ence correcting controller 9 is made only in the process 

s of machining, and the total sum of the amounts of cor- 
rection in the process of machining always comes to "0" 
(its details will be described infra). Accordingly, an opti- 
mum amount of correction easily be determined for 
each machining shape only by changing the amount of 

io correction having been set up depending on a machin- 
ing shape as shown in Fig. 1 1 , which will be described 
infra, without complicating creation of the machining 
program as shown in Fig. 10, for instance. 
[0035] A description will now be given of an essential 

75 part of a servo control system in a machine tool effective 
in performing a position correction method of the 
present invention with reference to a block diagram of 
Fig. 4. 

[0036] The numerical control device 1 controls a 

20 machine tool. A shared memory 21 receives various 
commands or the like issued from the numerical control 
device 1 to the servo motor 5 and transfers the received 
commands to a processor of a digital servo circuit 22. 
The digital servo circuit 22 is composed of a processor 

25 (CPU), a ROM and a RAM or the like. 

[0037] The processor of the digital servo circuit 22 not 
only controls the position, speed and current or the like 
of the servo motor 5 and but also performs learning con- 
trol processing and the control of positional difference 

30 correction, which is a feature of the present invention. 
That is, the processor of the digital servo circuit 22 per- 
forms the processing of the learning controller 2, the 
position/speed/current controller 3 and the positional 
difference correcting controller 9 shown in Fig. 1. 

35 [0038] The servo motor 5 is controlled by the servo 
amplifier 4, composed of a transistor inverter or the like, 
and converts a revolving motion into a linear motion 
through a ball screw/nut mechanism 7 to drive the table 
or the tool 8 as shown in Fig. 1 . The rotation position 

40 and speed of the servo motor 5 are detected by a pulse 
coder 6 and are then fed back to the digital servo circuit 
22. 

[0039] The servo control system shown in Fig. 4 is dif- 
ferent from that of the prior art in that the processor of 

45 the digital servo circuit 22 performs positional difference 
correction in addition to learning control. 
[0040] A description will now be given of a position 
correction method according to one embodiment of the 
present invention. 

so [0041 ] First, trial cutting is performed without backlash 
correction, and an amount of difference between the 
commanded position and the actual position is meas- 
ured for each machining shape when a direction of 
movement is reversed. Then, an amount of positional 

55 difference correction is set up in a machining program 
for each machining shape on the basis of the measured 
amount of difference (incidentally, the amount of posi- 
tional difference correction varies depending on a cor- 
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rection pattern for positional difference correction as 
described infra). 

[0042] A description will now be given of the proce- 
dure of creating the machining program required for 
machining a work to have two machining shapes (i.e., s 
which will be referred to as a machining shape 1 and a 
machining shape 2) with reference to Fig. 11. 
[0043] Movement to the position of the machining 
shape 1 is programmed (Program Step PT1), an 
amount of positional difference correction H1 obtained 10 
on the basis of the measured amount of difference with 
respect to the machining shape 1 is programmed (Pro- 
gram Step PT2), a machining program of the machining 
shape 1 is created, and then, a command to move to the 
position of the machining shape 2 is programmed (Pro- 75 
gram Steps PT3 and PT4). Subsequently, an amount of 
positional difference correction H2 on the basis of the 
measured amount of difference with respect to the 
machining shape 2 is programmed, a machining pro- 
gram of the machining shape 2 is created, and thereaf- 20 
ter, a command to return to the initial position is 
programmed (Program Steps PT5 to PIT). 
[0044] The procedure of programming shown in Fig. 
1 1 has on advantage in that there is no need of steps for 
making "0" a total sum of the amounts of backlash cor- 2s 
rection before starting the machining for each machin- 
ing shape (i.e., Program Steps PS2, PS6 and PS9 in the 
procedure of programming by the prior art shown in Fig. 
10). 

[0045] When the machining program created in this 30 
manner is loaded in the numerical control device 1 and 
executed, the processor of the numerical control device 
1 reads out the program containing the predetermined 
amount of positional difference correction (Program 
Steps PT2 and PT5) with respect to the machining 35 
shapes 1 and 2 and then writes the read-out amount of 
positional difference correction into the shared memory 
21 , and the processor of the digital servo circuit 22 per- 
forms positional difference correction, which will be 
described infra, on the basis of the written amount of 40 
positional difference correction when the direction of 
movement is reversed. 

[0046] As described above; since the amount of posi- 
tional difference correction is obtained through actual 
measurement, the amount including backlash in a 45 
transmitting mechanism such as a ball screw, positional 
difference caused by distortion or deflection of the 
transmitting mechanism and the amount of deflection of 
the work by the action of cutting pressure is given as the 
amount of positional difference correction. That is, the so 
amount of positional difference correction is provided as 
a value including the positional difference occurring by 
various causes resulting from reversing the direction of 
movement. 

[0047] Further, a plurality of correction patterns are 55 
provided to correct the amount of correction according 
to the machining shape, material of the work or the like, 
and, for the present embodiment, two correction pat- 



terns (that is, the machining shape 1 and the machining 
shape 2), either of which may be selectable, and made 
available. Then, a plurality of correction patterns are set 
in the numerical control device 1 before the start of 
machining, and an amount of correction and the number 
of times of correction corresponding to each set pattern 
are set in advance. 

[0048] A description will now be given of positional dif- 
ference correction in the processing performed by the 
processor of the digital servo circuit 22 for each posi- 
tion/speed loop processing cycle with reference to flow 
charts in Figs. 5 and 6. In these flow charts, since the 
position/speed loop processing and learning control 
processing performed by this processor are similar to 
those of the prior art, a description thereof is omitted, 
and only the processing related to positional difference 
correction as a feature of the present invention is 
shown. 

[0049] When operation is started, the numerical con- 
trol device 1 sets a flag F0, which is provided in the 
shared memory 12 to indicate that the machining is in 
progress, to "1" during the output of a cutting command 
(for instance, a machining command such as a code 
GOI indicating a linear cutting feed), or sets the flag F0 
to "0 W when the machining is not in progress (i.e., when 
a command relating to machining is not issued). 
[0050] Then, the processor of the digital servo circuit 
13 reads the flag F0 to check whether the machining is 
in progress or not (Step S1). When the machining is not 
progress, the processor finds a new positional deviation 
(Step Si 5) by subtracting a value in a register ALL 
stored with the total sum of the amounts of correction at 
reversion of direction from an error register stored with 
a positional deviation Er. Incidentally, the register ALL is 
set to "0" in the stage of initialization when the power is 
turned on, and thus its initial value is "0". Subsequently, 
the processor sets this register All to **0" (Step S16), 
sets a flag F1 to "0", which indicates that positional dif- 
ference correction at the time of reversion of the direc- 
tion of movement is in progress (Step S17), checks 
whether or not the move command is "0" (Step S13) and 
ends positional difference correction for the present 
cycle when the move command is "0". When the move 
command is not "0", the processor stores a sign of the 
move command in a register OLD (Step S14), and ends 
positional difference correction for the current cycle. 
[0051 ] On the other hand, when the cutting command 
is issued from the numerical control device 1 and the 
flag F0 indicating that the machining is in progress is set 
to "1" (Step S1), the processor checks whether or not 
the move command is "0" (Step S2), and the processing 
proceeds to Step S5 when the move command is M 0", 
whereas, when the move command is not "0", the proc- 
essor compares the sign of the move command stored 
in the register OLD (in Step S14) for a cycle immediately 
before the current cycle with the sign of the move com- 
mand for the current cycle and checks whether or not 
the sign is reversed (Step S3). When the sign is not 
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reversed, the processing proceeds to Step S5, 
whereas, when the reversal of the sign is detected, this 
means that the direction of movement up to this point is 
reversed by a given move command. Thus, the proces- 
sor sets the flag F1 to "1 " for indicating that processing 5 
for positional difference correction for backlash, distor- 
tion of the ball screw and deflection of the work or the 
like is in progress, sets a counter i, which counts the 
number of times of correction, to "0", stores the present 
move command in a register M1 , which holds the move w 
command at the time of reversion for checking the direc- 
tion of correction (Step S4), and processing proceeds 
the to Step S5. 

[0052] In Step S5, the processor checks whether or 
not the flag F1 for indicating that the positional differ- 15 
ence correction at the time of reversion of the direction 
of movement is in progress is set to "1". This flag F1 is 
set to "0" in the stage of initialization, and thus its initial 
value is "0". Further, this flag F1 is also set to M 0" when 
the machining is not in progress. When the flag F1 is 20 
"0", the processing for correction at the time of reversal 
of direction is not performed but whether or not the cur- 
rent move command is "0" is determined (Step Si 3), 
and ends positional difference correction for the current 
cycle when this move command is "0". When the move 25 
command is not "0 H , the processor stores the sign of the 
move command in the register OLD (Step S14), and 
ends the processing for the current cycle. 
[0053] On the other hand, when the flag F1 indicating 
that positional difference correction at the time of rever- 30 
sion of the direction of movement is in progress is "1" in 
Step S5, the processor starts calculation of correction 
patterns (Step S6). 

[0054] This embodiment enables selection from two 
correction patterns. 35 
[0055] According to the pattern 1 , the predetermined 
amount of correction is divided by the predetermined 
number of times, and the divided amount of correction is 
corrected predetermined number of times as the 
amount of correction for each cycle of position/speed 40 
processing. Thus, the amount of correction is outputted 
equally the predetermined number of times for- each 
position/speed processing cycle. 
[0056] According to the pattern 2, the amount of cor- 
rection of a large value is outputted in the first posi- 45 
tion/speed loop processing cycle and is then gradually 
decreased until "0" at the time when the amount of cor- 
rection is outputted the predetermined number of times. 
[0057] Then, the processor of the digital servo circuit 
13 starts calculation of correction patterns in Step S6. so 
That is, a sub-routine for the calculation of correction 
patterns shown in Fig. 6 is started. 
[0058] First, the processor of the digital servo circuit 
checks whether the selected correction pattern is the 
pattern 1 or 2 (Step BS1). When the pattern 1 is ss 
selected, the processor divides the predetermined 
amount of correction written in the shared memory pre- 
determined number of correction times, stores the quo- 



tient in a register R which stores correction value for the 
current cycle (Step BS2), increments an index 1 by "1" 
(Step BS4), checks whether or not a value of the index i 
is not less than the predetermined number of correction 
times (Step BS5), ends calculation of correction pat- 
terns for the current cycle and the processing returns to 
the main processing when the value of the index i is 
equal to or less than the predetermined number of cor- 
rection times. Further, when the index i is increased to a 
value not less than the predetermined number of cor- 
rection times, the processor sets a flag F2 indicating 
completion of correction pattern calculation to "1" (Step 
B56), and the processing returns to the main process- 
ing. 

[0059] On the other hand, when it is decided in Step 
BS1 that the pattern 2 is selected, the processor sub- 
tracts a value resulting from dividing a value of the index 
i by the predetermined number of correction times from 
1, multiples the difference by the predetermined 
amount of correction, stores the product in the register 
R as a correction value for the current cycle (Step BS3), 
and the processing proceeds to Step BS4. As a result, 
since the value of the index i is "0" in the initial stage, 
then the predetermined value itself is given as the cor- 
rection value in the current cycle, while in the subse- 
quent cycles, the index i is incremented by "1" in Step 
BS4, and hence, a value decremented sequentially at a 
rate of (predetermined value/number of correction 
times) for every cycle is given as a correction value in 
that cycle, with the result that correction in the initial 
stage is performed with a large value, and subsequent 
correction is performed with a smaller value by degrees. 
[0060] Returning to the main processing, the proces- 
sor checks whether or not the move command M1 at the 
time of reversion is positive (Step S7), and, when posi- 
tive, backlash correction has to be made in a positive 
direction, since the movement in a negative direction up 
to this point is changed to the movement in the positive 
direction by the positive move command at the time of 
reversion. Further, since the tool that has been moved in 
the negative direction up to this point is distorted in the 
positive direction by the effect of the force from the work 
in the positive direction. Thus, correction in the positive 
direction is required for eliminating the distortion of the 
tool. Further, since the work is deformed in the negative 
direction by the effect of cutting pressure of the tool in 
the negative direction, correction in the positive direc- 
tion is required for eliminating the deformation. In this 
connection, when the direction of movement M1 at the 
time of reversion is determined to be positive in Step S7, 
the processor adapts the positive amount of correction, 
in which the correction value sign stored in the register 
in the current cycle is plus, for the amount of correction 
in the current cycle (Step S9). 

[0061 ] Further, since the fact that the move command 
M1 at the time of reversion is determined to be negative 
in Step S7 means that the movement in the positive 
direction up to this point is changed to that in the nega- 
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tive direction by the negative move command for the 
current processing cycle, so that the sign of a value in 
the register R is negative to provide a negative amount 
of correction (Step S8), that is, to the state reverse to 
that described above. 5 
[0062] Then, the processor adds this amount of cor- 
rection to a positional deviation value Er (i.e., a value 
resulting from subtracting the amount of positional feed- 
back Pf from the move command Pc) to correct the posi- 
tional deviation value and also adds up the added w 
amount of correction to the register ALL which stores 
the total amounts of correction in the process of machin- 
ing (Step S10). 

[0063] The correction value obtained through learning 
control is added to the corrected positional deviation 15 
value obtained in Step S10, and the corrected positional 
deviation value obtained by positional difference correc- 
tion is further corrected. Then, a speed command is 
determined by multiplying a position loop gain by the 
corrected positional deviation value, obtained through 20 
positional difference correction and learning control, in 
the same member as the prior art; speed loop process- 
ing is performed on the basis of the speed command in 
the same manner as the prior art; current loop process- 
ing is further performed on the basis of the torque com- 25 
mand (current command) obtained through the speed 
loop processing to supply current to each phase of the 
servo motor, and as a result, the servo motor 5 is driven. 
[0064] Incidentally, the processing to determine the 
positional deviation value by subtracting the amount of 30 
positional feedback Pf from the move command Pc, the 
processing to determine the speed command by multi- 
plying the positional deviation by the positional loop 
again, the speed loop processing and the current loop 
processing are omitted from the flow chart shown in Fig. 35 
5. 

[0065] Subsequently, the processor checks whether 
or not the flag F2 is "1" and checks whether or not cor- 
rection in reversion is ended (Step S1 1). When the flag 
F2 is "O*', the correction at the time of reversion is not 40 
ended, and in this case, the processor checks whether 
or not the move command on this occasion is "0" (Step 
S13) and ends the processing for the current cycle 
when the move command is "0". When the move com- 
mand is not "0 , \ the processor stores the sign of the 45 
move command in the register OLD (Step S14) and 
ends the processing for the current cycle. 
[0066] In the subsequent cycle, the processing pro- 
ceeds to Steps S1 , S2, S3 and S5 in this order and fur- 
ther from Step S5 to Step S6 to calculate the correction so 
pattern (Step S6, the processing in Fig. 6) by reason 
that the flag F1 is set to M 1" in Step S4 in the previous 
cycle. In this case, since the index i is incremented by 
"1* through the processing in Step BS4 in the previous 
cycle, a correction value smaller than the previous cor- ss 
rection value by (amount of correction/number of cor- 
rection times) is calculated (Step BS6) in the case 
where the correction pattern 2 has been selected. 



When the correction pattern 1 is selected, the correction 
value equal to the previous correction value is stored in 
the register R (Step BS2). 

[0067] Then, the positional deviation is corrected with 
the calculated correction value obtained through the 
processing in Steps S7 to S10, and the correction value 
is added to the register ALL which stores the total 
amounts of correction in the process of machining. 
[0068] in each of the cycles that follow, when it is 
detected that the value of the index i has become equal 
to or larger than the number of correction times while 
the processings in steps S1-S3 and S5-S14 are 
repeated, the Flag F2 is set to "1" (Step B56), and the 
processing returns to the main processing. Then, the 
main processing proceeds form Step S1 to Step S12, 
and the flags F1 and F2 are set to "O". Then, it is deter- 
mined whether or not the present move command is "0" 
(Step Si 3), and, when it is "0", the processing for the 
current cycle is brought to an end. When the move com- 
mand is not "0", the processor stores the sign of the 
move command in the register OLD (Step S14) and 
ends the processing for the present cycle. 
[0069] In the subsequent cycle, the processing pro- 
ceeds to Steps S1 and S2 in this order and the proces- 
sor checks whether or not the sign stored in the register 
OLD is different from the sign of the move command for 
the current cycle (Step S3), when the move command 
for the current cycle is not "0". When the signs are not 
different from each other, the processing proceeds to 
Step S5 and further from Stop S5 to Step Si 3 by reason 
that the flag F1 is set to "O". When the move command 
in the current cycle is M 0" t the processor ends the 
processing as it is. When the move command is not "0\ 
the processor performs the processing in Step S14 and 
ends the processing in the current cycle. In the following 
processing when the move command is not "0", and, as 
long as the flag F0 indicating that machining is in the 
process is "1", the processor performs the processing in 
Steps S1 , S2 and S3 to check whether or not the sign of 
the move command is reversed, and then proceeds the 
processing to and after Step S4, as described above, 
when the reversion of the sign is detected, and performs 
processing of correction at the time of reversion in and 
after Step S5. 

[0070] On the other band, when the machining is 
ended and the flag F0 indicating that the machining is in 
progress is set to "0" by the processor of the numerical 
control device, the processor of the digital circuit 13 
subtracts a cumulative value stored in the register ALL 
resulting from adding up the amounts of correction at 
the time of reversion during the machining from the 
positional deviation value Er (Step Si 5). Immediately 
after the subtraction, the processor resets the register 
ALL to "0" (Step S16). When the cumulative value 
resulting from adding up the amounts of correction in 
Step S1 0 in the process of machining is a positive value, 
for instance, it means that an extra move command is 
added by the amount of correction of the positive value 
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caused by positional difference correction, in addition to 
the move command. Since the cumulative value of the 
amounts of correction in the process of machining is 
stored in the register ALL, subtraction of the value 
stored in the register ALL from the positional deviation 5 
at the end of machining results in canceling the move 
command issued in excess of the position command 
from the numerical control device. When the loop 
processing for the position, speed and current is per- 
formed on the basis of the positional deviation Er 10 
decreased by the value in the register ALL, the position 
of the servo motor 5 agrees with the position com- 
manded by the program. 

[0071] Figs. 7, 8 and 9 show the results of experiment 
in a case of machining for a piston ring according to the 75 
method of the prior art and the method according to one 
embodiment of the present invention. 
[0072] Since the piston ring is very thin, the work is 
deflected by the action of cutting pressure to degrade 
machining accuracy. The piston ring has a circular 20 
shape when fitted to a piston, while this piston ring is 
machined in the shape of a heart. Thus, when the work 
is cut by moving a tool axis (Y axis) while revolving the 
work, the direction of movement of the tool axis (Y axis) 
is reversed four times. Figs. 7 to 9 show measured val- 25 
ues of the commanded position, the motor position and 
the work position (a radial length) at the rotational posi- 
tions 60° and 180° of the piston ring (in the shape of a 
heart) where reversion is caused. Referring to Figs. 7 to 
9, the axis of abscissa represents an angle, and the axis 30 
of ordinate represents a radial length. 
[0073] Fig. 8 shows the commanded position and the 
work position (work shape) when machining the piston 
ring through learning control without backlash correc- 
tion of the prior art nor positional difference correction 35 
according to the present invention. Fig. 7 shows the 
commanded position and the servo motor position in the 
above case. As seen form Fig. 7, since the learning con- 
trol is performed, the commanded position agrees with 
the servo motor position. However, as the result of 40 
measurement of the machining shape of the work, it is 
found that a machining error as seen from Fig. 8. As 
shown in Fig. 8(a) in particular, the cutting pressure is 
low, and thus the work is less deflected during the 
movement of the cutting edge of the tool to escape from 45 
the work before reversion of direction (during the 
increase of a radius), resulting in a very small difference 
between the commanded position and the work position 
(work shape). However, after the reversion of direction 
as shown in Fig. 8(b), since the cutting edge of the tool so 
is moved to thrust into the work (in the direction to 
reduce the radius), the work is deflected toward the 
center by the action of cutting pressure, it can be seen 
that the machining shape as commanded is not 
obtained due to restoration of this deflection after ss 
machining even if the cutting edge is moved along the 
commanded position. 

[0074] Fig. 9 shows measured values of the com- 



manded position and the work position in case of form- 
ing the piston ring by machining through positional 
difference correction according to the present invention 
after finding the amount of positional difference correc- 
tion on the basis of the amount of difference between 
the commanded position and the work position (i.e., the 
amount of difference shown in Fig. 8) resulting from 
forming the piston ring by machining through learning 
control without backlash correction by the prior art nor 
positional difference correction according to the present 
invention. In this case, it can be seen that the position of 
the work almost agrees with the commanded position, 
indicating that machining accuracy is improved. 
[0075] Incidentally, in the above embodiment, the 
amount of backlash correction is also included in the 
amount of positional difference correction obtained by 
the positional difference correcting controller 9. That is, 
in measuring or estimating the amount of positional dif- 
ference correction for each machining shape, the differ- 
ence between the commanded position and the work 
position resulting from machining without backlash cor- 
rection by the prior art is measured or estimated, and 
the amount of positional difference correction is deter- 
mined on the basis of the measured or estimated value. 
Then, in actual machining, only the positional difference 
correction is performed by the positional difference cor- 
recting controller without backlash correction by the 
prior art. 

[0076] However, as shown in Fig. 2, the predeter- 
mined amount of backlash correction is added by the 
numerical control device 1 when the direction of move- 
ment is reversed. Thus, in case where the difference 
between the commanded position and the work position 
resulting from machining through backlash correction 
as described above is measured (or estimated), and the 
amount of positional difference correction by the posi- 
tional difference correcting controller 9 is determined on 
the basis of the measured (or estimated) value, this 
amount of positional difference correction represents 
the backlash correction error at the time of reversing the 
direction of movement and the difference between the 
commanded position and the work position caused by 
the deflection of the work and the distortion of the 
machine. Then, in actual machining, the numerical con- 
trol device 1 performs the backlash correction similar to 
that by the prior art, and the amount of correction prede- 
termined for each machining shape is applied by the 
positional difference correcting controller 9. 

Claims 

1. A move command correction method, comprising 
step of: 

(a) finding an amount of difference between a 
commanded position and an actual position 
occurring at the time of reversion of a direction 
of movement, prior to machining; 
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(b) monitoring whether or not a sign of the 
move command is reversed while the machin- 
ing is in progress on the basis of a machining 
program; 

(c) correcting a move command value by add- s 
ing the amount of difference found in the above 
step (a) to the move command when the rever- 
sion of the sign of the move command is 
detected; and 

(d) performing said machining on the basis of w 
the move command value corrected in the 
above step (c). 

2. A move command correction method according to 
claim 1, wherein said machining program includes is 
machining of a work into a plurality of machining 
shapes divided, so that the amount of difference is 
found for each machining shape in said step (a), 
and the amount of difference corresponding to each 
machining shape is added to the move command 20 
for each machining shape in said step (c). 

3. A move command correction method according to 
claim 1, wherein correcting of the move command 

in said step(c) is made each time the move com- 25 
mand is outputted by repeating predetermined 
number of times the operation to add to the move 
command a correction value predetermined for 
each operation according to the amount of differ- 
ence determined in said step(c) and a predeter- 30 
mined distribution pattern. 

4. A move command correction method according to 
claim 1, wherein said machining program includes 
repetitive machining in the same condition, 35 
whereby the move command value is corrected by 
adding also a correction value obtained through 
learning control to the move command value cor- 
rected in said step (c). 

40 

5. A move command correction method according to 
claim 1, wherein the amount of difference in said 
step (a) is obtained through trial machining. 

6. A move command correction method according to 45 
claim 1, wherein the amount of difference in said 
step (a) is obtained by estimation in consideration 

of backlash and deflection of a work by the action of 
pressure of the cutting tool to the work 

so 

7. A move command correction method according to 
claim 3, wherein said amounts of correction are 
added up in the process of machining, and a value 
resulting from reversing a sign of the added value is 
outputted as the move command at the end of ss 
machining. 

8. A servo control system in which a move command 



is corrected, comprising: 

a numerical control device to issue a move 
command; 

a servo motor having a position/speed detector 
to drive a driven body such as a tool and a 
table; 

a servo amplifier having a current detector to 
control said servo motor; 
a posrtion/speed/current control circuit to con- 
trol said servo amplifier by finding a speed 
command from a positional deviation repre- 
senting a difference between a position feed- 
back outputted from the position/speed 
detector of said servo motor and a move com- 
mand from said numerical control device, find- 
ing a torque command through speed loop 
control performed on the basis of said speed 
command and an amount of speed feedback 
from said position/speed detector, and per- 
forming current loop processing on the basis of 
the torque command and a feedback value of 
drive current detected by a current detector 
provided on said servo amplifier; and 
a positional difference correction control 
means to receive the move command from said 
numerical control device, while outputting a 
positional difference correction value required 
for correction of said positional deviation; 
wherein said positional difference correction 
control means includes a sign reversion moni- 
toring means to monitor whether or not a sign 
of the move command inputted for the present 
process is different from a sign of the move 
command inputted on the previous process, 
and a memory means for storing a predeter- 
mined positional difference correction value 
correspondingly to a machining shape; and 
said positional difference correction control 
means fetches the positional difference correc- 
tion value corresponding to the machining 
shape from said memory means and then out- 
puts the fetched value so as to be added to said 
positional deviation, when said sign reversion 
monitor means detects the reversion of the 
sign. 

9. A servo control system in which a move command 
is corrected according to claim 8, wherein said posi- 
tional difference correction control means further 
includes a total correction amount memory means 
for storing the positional difference correction value 
added up in the process of machining each time 
said positional difference correction value is fetched 
from said memory means, and a value resulting 
from subtracting the added correction value stored 
in said total correction amount memory means from 
the positional deviation for the present process is 
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given as the positional deviation when machining is 
ended. 



1 0. A servo control system in which a move command 
is corrected according to claim 8, further compris- s 
ing a learning control means, composed of a delay 
element memory for storing the data for one cycle 
of the move command to be repeated by a prede- 
termined cycle and the same pattern, and an 
dynamic characteristic compensation element; io 

wherein said learning control means is 
designed so that data resulting from adding the 
data stored in said delay element memory as the 
data preceding by one cycle to a current cycle to a 
positional difference undergoes filtering process is 
and stored in said delay element memory, and the 
data preceding by one cycle is outputted from said 
delay element memory after having been subjected 
to compensation for the phase delay of a control 
object and the fall of gain with the dynamic charac- 20 
teristic compensation element, and 



the output data is added to said positional devi- 
ation to further correct said positional devia- 
tion. 25 



11. A servo control system in which a move command 
is corrected according to claim 8, wherein said posi- 
tional difference correction control means further 
includes a means for determining the number of 30 
times, and the pattern by which positional differ- 
ence correction value is outputted. 
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